Abstract-According to structural characteristics of the parts for the power battery, a structural model of clamp welding head basing on the loop sensor principle is established by means of PRO/E in this article, and a newly power battery spot-welding maching was research. It had some functions of the data's input and modification, controlling of welding worktable, spot-welding mechanism adjusting initial position, sinmulation and display of spotwelding motion trajectory and synchronize. The result of the experiment proves the effect of this control system.
INTRODUCTION
Electric resistance welding (ERW) refers to a group of welding processes such as spot and seam welding that produce coalescence of faying surfaces where heat to form the weld is generated by the electrical resistance of material vs. the time and the force used to hold the materials together during welding. Some factors influencing heat or welding temperatures are the proportions of the workpieces, the metal coating or the lack of coating, the electrode materials, electrode geometry, electrode pressing force, electrical current and length of welding time. Small pools of molten metal are formed at the point of most electrical resistance (the connecting or "faying" surfaces) as an electrical current (100-100,000 A) is passed through the metal. Welding machines have been widely used in industry. Resistance spot welding is the best known and most frequently-used method of reisistance welding. In the most common processes a high welding DC current is used with low voltage, it is a matter of specifying a proper combination of welding current, welding time and electrode force. Also an iso lation transformer is needed for safety reasons because the work piece forms part of the electrical circuit. Due to equipment weight reasons it is desirable to utilize a high frequency transformer instead of the conventional transformer connected directly to the DC mains. The welding equipment should supply fast answer for the adjustment in the length of arch form voltaico to minimize the effects provoked by disturbances. In the last 50 years, there has been some advancement in sensors for on line monitoring of the quality of resistance welding on account of intensive work, such as current sensor, voltage sensor, infrared sensor and so on. However, most of these systems are based upon current, voltage, weld force, welding magnetic field, and tip displacement.
II. FUNCTIONAL REQUIREMENTS OF THE CONTROL SYSTEM
CNC spot welding is mainly used for the electronic components of the thin plate parts of the digital display panel, such as electronics, DVD players, audio equipment, and other electronic components, and spot welding have some characteristics in large current and the short-term. Traditional single-station spot welder could complete a spot welding by the welder welding every power, so work efficiency was very low. The use of multi-station CNC spot welding machine which can effectively improve the welding efficiency, three electronic components can be installed, and when the bench moves to a spot position, which will be able to complete spot welding on 3 workpieces. Accordingly, the digital control system of the spot welder should have functions of the data's input and modification, controlling of welding table and head motion process, spot-welding mechanism adjusting initial position. The welding data input is that the workpiece welding parameters can be input and stored in the computer to provide the raw data for the control system, and the data will include the number of solder joints, location, etc. Parameter modification is to modify or change the already entered data. Table movement control is a CNC system which can control workbench reaches a predetermined welding position by controlling the X, Y direction of the stepper motor and according to the welding parameters. Spot welding head control is that the table of the numerical control system had reached the welding position, and the Z stepper motor could controlled for driving spot welding head to complete the 3 spot welding of the workpiece. The adjustment of the initial position is the position error caused in order to eliminate the working process of the accumulated error, and blackouts sudden event. In addition, in order to facilitating the inspection of the accuracy of the welding parameters and the tracking spot welding process, it is necessary that control the system has a the synchronous display function of the trajectory simulation of the input parameters and the welding process trajectory [1] . A typical trace of the electrode movement is shown in Fig.  1 .The rise of the electrode displacement is due to thermal expansion caused by heat generated by the passage of electric current. Maximum expansion occurs at termination of weld time. When current ceases, the electrode displacement starts to fall owing to cooling. Thus the electrodes move together again, and indentation occurs due to softening of the sheet. This phenomenon is well indicated in the latter part of the curve. This curve has been found to reflect the physical phenomenon occurring during the weld formation [2, 3] and to vary considerably with current level, electrode force, material properties, and surface conditions. Recent experimental result shows that the values of the curve, such as rate of curve and its peak value are well correlated with weld strength. Based on these results it can be said that desirable weld strength can be obtained by keeping the electrode movement to a desired movement curve. We get the voice signal through the second part of the system that composes of eight MPA416 microphones as the voice sensors. MPA-416 microphones which is propolarization free-field, usefully acquires the array voice due to its high sensitivity (50mv/pa) and wide scope of the collection(20~20kHz).
III. SYSTEM STRUCTURE AND CONTROL PROGRAM
A resistance welding controller supplies a given level of alternating current to a resistance welder. A resistance welder welds a workpiece sandwiched between two electrodes as current flows. The current flow heats the workpiece and forms a molten metal weld "nugget." After the welding current stops flowing, the weld nugget solidifies to form the weld. There are two types of resistance welders: AC and direct ("DC") current. A DC resistance welder and an associated resistance welding controller provide the advantage that the current supplied to resistance welder can be controlled within stringent limits. However, there are two major disadvantages: the equipment required is expensive and the electrodes wear out quickly because current flows in one direction only during welding. In contrast, an AC resistance welder and an associated resistance welding controller provide the advantages that the equipment required is inexpensive and the electrodes wear out very slowly. One way to control both types of resistance welders is to install a separate resistance welding controller for each. In view of the foregoing, it would be desirable to provide a resistance welding controller which can control both AC and DC resistance welders while using electricity efficiently and improving welding performance.
According to the design requirements, the maching had completed two same process workpiece spot welding on a three-station every time, and the load of welding power would balanced as far as possible, and it had the functions of trajectory analog and synchronization display function when the parameters had been inputted. Under the premise of meeting the control requirements and convenient operation, we must reduce costs as far as possible and mechanical work agencies and electrical control systems must be properly combined, therefore, point the welder is divided into 3 separate parts of spot welding head, the welding table, and microcomputer control system. The X-and Y-directional movement of workpiece had been completed by the workbench which including the upper and lower layers. The reason is that the nut had completed the movement of the X-and Ydirectional which is connected with the Ball W bar drag platen and linear bearing guide, in order to simplify the process of the parts and ensure the movement accuracy. Work table portion has a fixed frame and the base, a flat plate is fixed on the beams of the framework, three spot welding head installed on the plate to complete the multipoint welding function of spot welding [4] , spot welding head by the stepping motor drive, as shown in Figure 2 . The relative movement of three workpieces and spot welding head would completed at the same time and its path of movement was completely consistent, but there was a difference of movement time of 1/3 circuit on the Z-directional stepping motor. The three spot welding head which had been driven by three cams that there was a difference of 120 degrees could spot welding to the 3-position of the workpiece in order to reduce the welding power supply, and the spot welding head had a vertical movement in a position and completed a spot welding on the workpiece if the Z-directional stepping motor could rotated 120 degrees every time, then there were three spot welding on three workpieces if it could rotated 360 degrees. There were two movement mechanisms of mutual vertical on the work bench, and it was using the ball screw and linear bearings in order to reduce friction and improve the control accuracy and performance of the system of the stepper motor driver [5] . As an important part of the spot welding, the control system was directly related to the various performance indicators of the point welder. In order to improving the control effect, there were easy rajectory simulation and synchronization tracking of the spot welding head during the course of debugging and working. On the basis of meeting system performance indicators and considering the development costs and cycle, spot welding maching would be controlled by the personal microcomputer control system [6] , Figure 3 shows.
We would taken the machining accuracy and cost into consideration when using Open-loop control system, it was possible to produce a cumulative error or accident which might caused other errors, so spot welding head and workbench must had the function of zero adjustment, but it was unnecessary to adjust the zero in the normal work. So we would determine the zero adjustment of human-computer interaction in order to simplify the system structure and reduce costs and combined with computer-controlled features.
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Color figures will be appearing only in online publication. All figures will be black and white graphs in print publication [7] . To carry out the experiment for electrode movement tracking control, monitoring of the signal, interfacing a microprocessor with a welder, and the SCR controller design for controlling the weld current, are necessary. Depending upon the control algorithm, input voltage to the SCR controller is determined. In this study a P algorithm was used to generate the controlling input voltage. If the input voltage at the kth control instant is denoted by u(k), then.
Where operating input voltage error variable at the kth sampling instant proportional gain
The DAC output thus obtained must be used to control electric power that drives the welder. The DAC of an 8-bit size was used for the SCR control, having its resolution 20 mV. The circuit board designed for the SCR control and other detailed circuits are documented. When the DAC output is applied to the SCR controller, the controller generates a trigger pulse which determines firing phase of the thyristor. The firing angle f  can be determined by the relation [8] .
where E 0 is the DAC output (0< E 0 ≤5V). When this firing signal is applied to the SCR gate, the load current of the welder is controlled, depending upon the magnitude of the firing angle. Word size in the microcomputer was 64 kbyte and the amount of memory required for storing the sampled reference signal, the software control algorithm, and sampling, was about 1 kbyte. This simple current controller has a fast dynamic behaviour and a negligible steady state error. It has a maximum value of 2 / L I  where L I  is the current maximum ripple, which in these applications can be very low. So the steady state error can he neglected. With this type of control, it is possible to sense the current in the inductance or in the primary of the transformer. As the primary current of the transformer is not so big, smaller current sensors can be used.
The output voltage is controlled with a controller. To synthesise this controller a simplified model is used. A zero order system for the current controller is assumed and so the capacitor output equation [9, 10] is: 
Low overshoot and response are the design criteria for the controller [11, 12] 
Secondly, we just give the principle of Elliptic filter, namely: The equation shows the application formation of function ellipap, where ,the parameter z is the zero of the filter, p is pole, k is plus, N is rank and RP which is the logogram of Passband ripple (dB), also the RS is Stopband attenuation. The later equation expresses the Square amplitude response function of the filter. At the beginning, Figure 5 shows that the diagram of the voice signal data acquisition and control system of the resistance welding.
IV. SYSTEM CONTROL PROCESS
After the running of the control system, the use of interactive needed to choose to perform spot welding, spot welding parameter entry, spot welding head zero adjustment and exit a spot welding four operating state, the course of their work is shown in Figure 6 . Spot welder was mainly used for high-volume welding, welding parameters didn't need to be updated frequently, after the entry of the welding parameters can be stored in the computer, until this batch of workpieces had completed [13] . The control flow of the input and modification of the welding parameters is shown in Figure 7 . Data had input through the computer keyboard, all data entry was completed, and spot welding path and the trajectory simulation spot welding process and the spot position. The input parameters can be modified on the computer, If there are errors in the input parameters of spot welding,or the data will be stored in the computer for the control system to perform spot welding call.
When the system was in the spot welding execution state, the welding parameters would readed automatically by the computer and a table movement path of the spot welding would also generated, and then by the movement path , the stepper motor of the X-and Y-directional would driven the worktable which had driven workpiece movement to the bottom of the spot welding head according to a preset parameter [10] , The three spot welding head which had been driven by three cams that there was a difference of 120 degrees could spot welding to the 3-position of the workpiece, and then the computer would controlled table to next spot position movement. During the course of the table movement and spot welding, the computer could synchronization table movement and the corresponding spot position trajectory. Due to the non-operating state when the workbench returned the starting point of time is very short. After all joints of the workpiece had been completed in order to reducing error, the computer system would controlled the X and Y direction of the stepper motor which would driven automatically worktable to zero, the spot welding process was shown in Figure 8 . 
, and the movement of broken line from A to B could be performed by a stepping motor of the X-and Y-directional linear interpolation manner obliquely, but the analysis of the actual work showed that spot welding processing was connected with the solder joint posit and wasn't connected with the motion line, and the stepping motor of the X-and Y-directional will be frequently actived or stopped on actual condition of linear interpolation and will be greatly limited to a low rotational speed and have a great rotational time. Worktable route from A to B had been lengthened by by the movement of broken line ,but due to due to the stepping motor of the X, Y direction had taken only once on the action or stop and moving time would greatly decreased, that the stepping motor of controlling the X-direction would first run in the X direction to the X coordinate of the next solder joint and then controlled the Y-direction stepper motor to the next Y coordinate of the solder joint and finally the actual running distance was:
. Zero adjustment was in order to prevent the position error caused by the stepper motor of open loop control system may produce cumulative error accidents and power outages. Zero adjustment process shown in Figure 9 The control software is written in accordance with the above workflow. Figure 10 shows the overall hardware blocks of FCWM designed.
The reference signal as a nonlinear function of the input variables is calculated implemented by the microcontroller on base of a fuzzy inference process. The output reference signal used to change the duty cycle of a couple of complementary PWM modulated signals. The PWM signals applied to semiconductor switches to control output welding current. The output current variation was verified by a HALF-BRIDGE inverter topology. Figure 11 shows the schematic of power circmts.
V. CONTROLS DIGITAL
The program of digital control this based on the reading of the current signs and sensor originating from speed, when the process begins should be established an operation point (Reference). In the moment of the welding if there is some imperfection or relief in the work surface the characteristics of the current and they change, as for each reference current a reference speed exists selected by the operator of the machine, the program will execute a consultation routine to a table, then the control will act to return to the operation point, the flowchart shown in the figure 12 describes the routines of the digital control. In the welding machine of this type, too small welding current cannot provide satisfactory welding, while too large welding current will cause flash or spattering which will disadvantageously degrade appearance of the welded portion. For this purpose, the welding current must be properly regulated. Furthermore, repeated welding operations cause deformation of the welding electrodes, which results in corresponding change of a proper value for the welding current. Therefore, the controller for the welding machine is required to have a function of determining a proper value for the welding current in such a condition and regulating the welding current to the determined value. In order to perform the above control, measurement of the interelectrode resistance is effective. There has been proposed a technique of regulating the welding current in such a way as to cause predetermined change of the interelectrode resistance. In the above prior art, the primary winding current and voltage across the electrodes are measured to derive the interelectrode resistance. It is, then, necessary in the prior art to add a voltmeter between the electrodes. Such addition of the voltmeter between the electrode, however, requires specific machining of a gun holding the electrodes so as to place lead wires. Furthermore, in many cases, such a gun is disposed at an inner portion of a welding jig, resulting in difficulty in maintenance. There often occurs a problem of breaking of the lead wires caused by movement of the gun or a workpiece, or flash generated during welding operation. These problems have limited application of the method of controlling a welding machine through interelectrode resistance to actual production lines. In such a prior art technique of control based upon the interelectrode resistance, a target value or curve is previously set, and the welding current is controlled so as to be equal to the target. Such control of the welding current to be equal to the target will, however, sometimes fail to provide satisfactory welding due to variations of thickness of the workpiece, thickness of a plated layer of the workpiece or the like [14] [15] .
An outline of the at}ay voice signal research for the aluminum alloy under RSW. The material in the present work was SA02 commercial aluminum alloys sheets, which was commonly used in China. The etching specimens of the spot weld, 50mm×350 mm×0.8mm , were used during the complete investigation, before the experiment all of the parameters should reset. The result of experiments has been revealed by Fig. 13. (a) (b) Figure 13 . Graphical output of experiment In the Fig. 13 .a, it presents the huge mount of analog data of the entire array, which acquire by the eight sensors in the form of TDMS. Getting the Fig. 13 .b is very important for the sake of monitoring the nugget under the resistance spot-welding. The latter picture just show the time of all the welding process, including the movement of electrode under pressure, the process of nugget formation and the process of electrode shift. It is obviously useful for further analysis. Overall, it's one of the remarkable advantages of this system.
Analyzing the process of experimental test, we could obviously get the result from Fig. 13 .a. and b. that there is a peak of voice signal. We get the analog data of array one that indexes from eight arrays and disposal through the Elliptic filter. As showed in Fig. 14 , the parameters could change at discretion. There is only one array of the acquisition data that aim at analyzing the array signals easily. Fig. 14 showed the snapshoot of array zero and the under one is the signal which is disposed by the Elliptic filter. It is just simple after filtering. The energy scatter in a voice way while the nugget forming is so important that is collected for deeper analysis to find hopefully a relationship between analog data with nugget.
Welding machines input ac current present a large distortion. The input rectifier with a capacitor at the entrance level generates different harmonics in the mains. Also, due to the non-linear behaviour of the welding process and to the individual welding actions varying between a second and several seconds, a wide band harmonic spectrum with the presence of interharmonics is generated. Moreover, this problem becomes worst in Pulsed GMAW welding machines due to successive changes from current control to voltage control and viceversa. Low frequency current harmonics are generated by the interaction between the pulse and mains frequencies. As welding machines are mostly connected to the lowvoltage network its current harmonics cause harmonic voltage drops across the network impedance which results in distorted mains voltages. A wide voltage spectrum is generated. The existence of low order harmonics and interhannonics can give rise to flicker in the mains. The repercussion of this kind of phenomena must be characterised. Nowadays, the levels of the interharmonic voltages have not been thoroughly investigated. These levels are under consideration. The tests of the control system on the prototype of the spot welder showed that maximum moving speed of spot welder prototype table can up to 8 m / s, which can completed three spot welding of the workpiece every time with higher efficiency, and the speed and accuracy of the movement of the other moving parts had reached a predetermined design objectives and which can meet the need of general electronics spot welding. The control system is easy to flexible input and modification of welding parameters, solder joints the trajectory simulation as well as spot welding process trajectory synchronization tracking spot position zero adjustment to achieve the desired requirements. It is important to point out that a number of factors such as noise and reverberation need to be taken into consideration before making the appropriate statement. The results may then serve as guidelines for lower level models. One of the major advantages of this array voice signal data acquisition and control system is that it can be applied to the experimental study of field in test and measurement. Surely, more work needs to be done to make the system stable and practical. The test results show the effectiveness of the designed system [16, 17] .
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